A hybrid CFD-PBPK model for naphthalene in rat and human with IVIVE for nasal tissue metabolism and cross-species dosimetry.
A PBPK model for naphthalene in the rat and human that incorporates a hybrid CFD-PBPK description of the upper respiratory tract was developed to support cross-species dosimetry comparisons of naphthalene concentrations and tissue normalized rate of metabolism in the nasal respiratory and olfactory epithelium, lung and liver. In vitro measurements of metabolic rates from microsomal incubations published for rat and monkey (surrogate for human) were scaled to the specific tissue based on the tissue microsomal content and volume of tissue. The model reproduces time courses for naphthalene blood concentrations from intravenous and inhalation exposures in rats and upper respiratory tract extraction data in both naïve rats and rats pre-treated to inhibit nasal metabolism. This naphthalene model was applied to estimate human equivalent inhalation concentrations (HECs) corresponding to several NOAELs or LOAELs for the non-cancer effects of naphthalene in rats. Two approaches for cross-species extrapolation were compared: (1) equivalence based on tissue naphthalene concentration and (2) equivalence based on amount metabolized per minute (normalized to tissue volume). At the NOAEL of 0.1 ppm, the regional gas dosimetry ratio (RGDR) based on naphthalene concentration was 0.18 for the dorsal olfactory region; however, the RGDR rises to 5.4 when based on the normalized amount metabolized due to the lower of expression of CYP isozymes in the nasal epithelium of primates and humans. The resulting HEC is 0.12 ppm (0.63 mg/m(3)) continuous exposure at the rat NOAEL of 0.1 ppm (6 h/day, 5 days/week).